/j-ohaO 



/ 



- u 

i OV 

I ^ 
Icq 



Docket No: NFCS-00-016 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



:0 



In re Application of: 
Huang, et al. 

Serial No. [Not yet assigned; this application is 
a divisional of co-pending application 
SN 09/365,680, filed August 2, 1999 

Filed: October 30, 2000 

For: OPTICAL POLARIZATION BEAM 
COMBINER/SPLITTER 



Art Unit: 
Examiner: 



0^ i 



CERHHC ATE OF MAILING 
"Express Mail" mailing label no: EK175755008US 
Date of Deposit: October 30, 2000 
I hereby certify that this correspondence is being 
deposited with the United States Postal Service "Express 
Mail Post Office to Addressee" service under 37 CFR 
L 10 on the date indicated above and is addressed to: 

Box Patent Application 

Assistant Commissioner for Patents 

Washington, D,C. 20231 

/ Date Teri Muir 



DIVISIONAL APPLICATION TRANSMITTAL LETTER 

37 C>F>R. § L53(b) 



Honorable Assistant Commissioner 

for Patents 
Box Patent Application 
Washington, D.C. 20231 

Dear Sir: 

This is a request for filing under the Continuing Application Procedure, 37 C.F.R, 
§ L53.(b) for a divisional application of prior application Serial No. 09/365,680, filed 
August 2, 1999, naming inventors Yonglin Huang and Ping Xie, The prior application is 
assigned of record to New Focus, Inc. Enclosed for filing are 21 pages specification, 9 



1 



Docket No: NFCS-00-016 



pages claims, 6 sheets drawings and one page abstract; Preliminary Amendment; Copy of 

the Declaration; Copy of the Power of Attorney and Copy of the Assignment. 

The attorney's Docket Number of this application is NFCS-00-016, 

Kindly address all communications regarding this application to: 

Timothy A. Brisson 
Sierra Patent Group, Ltd. 
P.O. Box 6149 
Stateline, NV 89449 
(775) 586-9500 

No fee is being paid at this time. 



Respectfully submitted, 
Sierra Patent Group, Ltd. 




Dated: October 30, 2000 

Timothy A. Brisson 
Reg. No. 44,046 

Sierra Patent Group, Ltd. 
P.O. Box 6149 
Statehne, NV 89449 
(775) 586-9500 



2 



NFCS-00-016 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In Re Application of: Huang, et al. 



Serial No. <not yet assigned> 



Filed: 



Art Unit: 
Examiner: 



For: OPTICAL POLARIZATION BEAM 
COMBINER/SPLITTER 



Certificate of Mailing 

I hereby certify that this correspondence is being deposited with the 
United States Postal Service with sufficient postage as First Class 
Mail, in an envelope addressed to: 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Date Signature 

Print Name 



PRELIMINARY AMENDMENT 

Honorable Assistant Commissioner of Patents 
Washington, D.C. 20231 



Dear Sir: 



Kindly amend the above identified application as follows: 



1 



NFCS-00-016 



IN THE SPECIFICATION: 

At Page 1, Line 10, after the Title of the Invention, please insert: 

This application is a Divisional Application of Ser. No, 09/365.680. filed August 
L 1999. 

IN THE CLAIMS: 

Kindly cancel claims 1, 7-21. 

REMARKS 

Early consideration of the application in view of the above amendnaents and the 
following remarks is requested. 

Applicants elect to pursue claims 2-6 in the present application 

No additional fee is due. 

On the basis of the above amendments and remarks, early consideration of this 
application and early allowance are respectfully requested. 



Respectfully, 




Timothy A. Brisson 
Attorney for Applicant 
Reg. No. 44,046 



Date: October 30, 2000 

Sierra Patent Group 
P.O. BOX 6149 
295 Highway 50, Suite 20 
Stateline, Nevada 89449 



Telephone: (775) 586-9500 
Facsimile: (775) 586-9550 



EK175755008US 



NFCS-99-001 



This application is submitted in the names of inventors Yonghn Huang and Ping 
Xie, assignors to New Focus, Inc., a Cahfornia Corporation. 

SPECIFIC AlION 

OPTICAL POLARIZATION BEAM COMBINER/SPLITTER 

BACKGROUND OF THE INVENTION 
L Field of the Invention 

, 2. The Prior Art 

Optical polarization beam splitter/combiners are known in the art. These devices 
may be used in optical communication in many ways including, but not limited to, optical 
power multiphers for combining two optical pump beams to increase optical pumping 
power, in coherent optical communications applications, and as optical polarization 
division multiplexers. 

Two examples of prior art optical polarization beam splitter/combiners are shown 
in FIGS. lA and IB and FIGS. 2A and 2B, respectively. In the optical polarization beam 
splitter of FIG. 1 A, an input beam enters from the fiber located at the left side of the 
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figure. For the beam splitting operation, the incoming beam from fiber 1 at the left is 
collimated by the lens 1, and then enters the optical polarization beam sphtter cube. The 
optical polarization beam splitter cube is able to split an arbitrary polarized light into two 
separated beams with ordiogonally polarized directions. A first beam exits to the right 
and is coupled to fiber 2 through lens 2. A second beam exits in an upward direction and 
is coupled to fiber 3 through lens 3. In this way, an optical polarization beam sphtter is 
realized. These three fibers could each be a single mode fiber, a polarization maintaining 
(PM) fiber, or even a multi-mode fiber. 

The prior- art device depicted in FIG. 1 A may be used as a bi-directional device if 
fiber 2 and fiber 3 are PM fibers, such that the optical beam polarization states coming 
from these two fibers are well defined and orthogonal to each other. Then these two 
beams can be added together at fiber 1 as shown in FIG. IB, In this way, an optical 
polarization beam combiner is reahzed. 

The device depicted in FIGS. 1 A and IB functions for its intended purpose. It 
however, suffers from several disadvantages, such as a larger device size necessitated by 
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the need to employ an orthogonally disposed beam, suffer from a low extinction ratio, 
difficult to manage the fibers. 

A second prior-art embodiment of an optical polarization beam combiner/splitter 
is depicted in FIGS. 2 A and 2B. The optical principles of operation of the embodiment 
of FIGS. 2 A and 2B are almost the same as those of FIGS. 1 A and IB. 

Referring to FIG. 2A, a birefringent crystal is used to split the incoming arbitrary 
polarization light focussed from fiber 1 by lens 1 into two parallel beams having 
orthogonal polarization directions. These two beams are focused into fiber 2 and fiber 3, 
respectively, by lenses 2 and 3, such that the optical polarization beam splitter is realized. 
As shown in FIG. 2B, an optical polarization beam combiner can be realized as well 
Compared to the embodiments of FIGS. lA and IB, the approach of FIGS. 2 A and 2B 
provides high extinction ratio, employs fewer optical parts, and could be manufactured 
without the use of an optical epoxy in the optical path. 

The device depicted in FIGS. 2 A and 2B has its own drawbacks. Since fiber 2 and 
fiber 3 are located at the same side of the device, the birefringent crystal must have a 
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length sufficient separate the two beams enough to accommodate the required spacing 
between lenses 2 and 3. Typically, lenses for this application have diameters of around 
1 .8mm, requiring the minimum spacing between lens axes to also be about 1 .8mm. A 
birefringent must have a length of about 18nun to provide the required beam separation 
5 of at least about 1 .8mm to acconraiodate the placement of lenses 2 and 3. 

BRIEF DESCRIPTION OF THE INVENTION 
1 An optical polarization beam splitter according to one embodiment of the present 

] invention comprises a first optical fiber having an end defining a first optical axis, a 
^ 10 second optical fiber having an end defining a second optical axis, and a third optical fiber 
: having an end defining a third optical axis parallel to and spaced apart from the second 
I optical axis. A coUimating lens is disposed along the first optical axis positioned to form 
a coUimated optical beam from the first optical fiber. A focussing lens is disposed along 
a path of the coUimated optical beam. A birefringent walk-off crystal has a first face 
15 adjacent to the focussing lens and a second face located at a focal plane of the focussing 
lens and in contact with the ends of the second and third optical fibers. The birefringent 
crystal is oriented such that and has a thickness between its first and second faces 
selected such that a first component of the optical beam having a first polarization exits 
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the crystal at its second face and enters the end of the second optical fiber along the 
second optical axis and a second component of the optical beam having a second 
polarization orthogonal to the polarization of the first polarization exits the crystal at its 
second face and enters the end of the third optical fiber along the third optical axis. 

5 

An optical polarization beam splitter according to another embodiment of the 
present invention comprises a first optical fiber having an end defining a first optical axis, 
5 a second optical fiber having an end defining a second optical axis, and a thurd optical 
fiber having an end defining a thkd optical axis parallel to and spaced apart from the 
0 10 second optical axis. A colHmating lens is disposed along the first optical axis and is 
b positioned to form a coUimated optical beam from the first optical fiber. A birefringent 
5 walk-off crystal is disposed in a path of the collimated optical beam. The crystal is 
oriented such that and has a thickness between first and second faces thereof selected 
such that a first component of the optical beam having a first polarization transits the 
15 crystal along a first path and a second component of the optical beam having a second 
polarization orthogonal to that of the first polarization transits the crystal along a second 
path disposed at a walkoff angle with respect to the fu:st path. The first and second paths 
exit the second face of the crystal as substantially parallel first and second paths. A 
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Wollaston prism (a pair of wedges) is disposed along the substantially parallel first and 
second paths and oriented such as to bend the substantially parallel first and second paths 
towards each other to form converging first and second paths. A focussing lens is 
disposed along the converging first and second paths and positioned such that a first 
component optical beam travelling along the first converging path is directed into the end 
of the second optical fiber along the second optical axis and a second component optical 
beam travelling along the second converging path is directed into the end of the third 
optical fiber along the third optical axis. 

An optical polarization beam splitter according to another embodiment of the 
present invention comprises a first optical fiber having an end defining a first optical axis, 
a second optical fiber having an end defining a second optical axis, and a third optical 
fiber having an end defining a third optical axis parallel to and spaced apart from the 
second optical axis. A collimating lens is disposed along the first optical axis and is 
positioned to form a coUimated optical beam from the first optical fiber. A first 
Wollaston prism is disposed in a path of the coUimated optical beam and oriented such 
that a first component of the optical beam having a first polarization transits the prism 
along a first path disposed at a first angle with respect to the first optical axis and a 
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second component of the optical beam having a second polarization orthogonal to that of 
the first polarization transits the prism along a second path disposed at a second angle 
with respect to the first optical axis, the first and second angles being substantially 
symmetrical about the first optical axis. A second WoUaston prism is disposed along the 
5 first and second paths and oriented such as to bend the first and second paths towards 
each other to form converging &st and second paths, A focussing lens is disposed along 
the converging first and second paths and positioned such that a first component optical 
beam travelling along the first converging path is directed into the end of the second 
% optical fiber along the second optical axis and a second component optical beam 
^ 10 travelling along the second converging path is directed into the end of the third optical 

0 fiber along the third optical axis. 

1 "t 

An optical polarization beam splitter according to another embodiment of the 
present invention comprises a first optical fiber having an end defining a first optical axis, 
15 a second optical fiber having an end defining a second optical axis, and a third optical 
fiber having an end defining a third optical axis parallel to and spaced apart from the 
second optical axis. The second and third optical axes are synrmietrical about the first 
optical axis. A first focussing lens is disposed along the first optical axis. A WoUaston 
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prism is disposed at a location along the first optical axis where a focal point of the first 
focussing lens lies on an interface between two component pieces of the prism wedge 
such that a first component of an optical beam from the first optical fiber having a first 
polarization is directed along a first path disposed at a first angle with respect to the first 
5 optical axis and a second component of the optical beam having a second polarization 
orthogonal to that of sa die id first polarization is directed along a second path disposed at 
a second angle with respect to the first optical axis, the first and second angles being 
^ substantially symmetrical about the first optical axis. A second focussing lens is disposed 

m along the first and second paths at a location selected to focus a first component optical 

51 

P 10 beam into the end of the second optical fiber to focus a second component optical beam 

\% into the end of the third optical fiber. 

BRTEF DESCRIPTTON OF THE DRAWING FIGURES 
FIGS. lA and IB are optical block diagrams of a first typical prior-art device 
1 5 useful as both a beam combiner and beam splitter. 

FIGS. 2 A and 2B are optical block diagrams of a second typical prior-art beam 
useful as both a beam combiner and beam splitter. 
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FIG. 3 is an optical block diagram of an optical polarization beam 
combiner/splitter in accordance with a first embodiment of the invention. 

FIG. 4 is an optical block diagram of an optical polarization beam 
combiner/sphtter in accordance with a second embodiment of the invention. 

FIG. 5 is an optical block diagram of an optical polarization beam 
combiner/splitter in accordance with a third embodiment of the invention. 

FIG. 6 is an optical block diagram of an optical polarization beam 
combiner/splitter in accordance with a fourth embodiment of the invention. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
Persons of ordinary skill in the art will realize that the following description of the 
present invention is illustrative only and not in any way hmiting. Other embodiments of 
the invention will readily suggest themselves to such skilled persons having the benefit of 
this disclosure. 
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Referring now to FIG. 3, an optical block diagram of an embodiment of an optical 
polarized beam combiner/splitter 10 according to the present invention is shown. A first 
fiber ferrule 12 terminates fiber 14 at an angled face 16 thereof. Angled face 16 may be 
polished to an angle of about 8° to 10° as is the end of fiber 14, as is known in the art to 
avoid deleterious effects from internal reflections in the optical fiber. Fiber 14 carries a 
combined optical beam having a first component polarized in a fu-st direction and a 
second optical beam polarized in a second direction orthogonal to the first direction. 
Fiber ferrule 12 may have a length in the optical path direction of about 4 mm. 

A fust lens 18 may be spaced apart from fiber ferrule 12 by about 1mm, may have 
a length in the optical patii direction of about 3 mm and coUimates the combined beam 20 
emerging from the end of fiber 14 to produce a colUmated combined beam 22. A second 
lens 24 may be spaced apart from furst lens 18 by a distance of about 2mm, may have a 
length in the optical path direction of about 3 mm and focuses the coUimated combined 
beam 22 at a focal point 26 on a first face of birefringent walkoff crystal 28. As presently 
preferred, both lens 18 and lens 24 may be graduated-index-of-refraction (GRIN) lenses, 
although conventional lenses may also be employed. Persons of ordinary skill in the art 
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will appreciate that two separate lenses 18 and 24 are employed to perform the 
collimating and focussing functions to minimize the introduction of spherical aberrations. 

Birefringent walkoff crystal 28 is disposed at an angled face 30 of a ferrule 32. A 
5 first component beam 34 from fiber 14 passes through birefringent walk-off crystal 28 
without refraction and a second component beam 36 passes through birefringent walk-off 
crystal 28 after being refracted at an downward angle. The thickness of birefringent 
?1 walk-off crystal 28 is selected so that the paths of beams 34 and 36 walk off from one 
LJ: another by a distance selected to match the spacing between optical fibers 38 and 40 held 
OlO in ferrule 32. Birefringent walk-off crystal 28 may be comprised of a material such as 
D YVO4, LiNb03, etc. Typical thicknesses for birefringent walk-off crystal 28 are in the 
p range of from about 1mm to about 2mm and the distance between second lens 24 and 
ferrule 32 may be between about Inrai to 2mm. As those of ordinary skill in the art will 
appreciate, changing the incident angle of the birefringent walk-off crystal 28 will change 
15 the walk-off distance. 

From an examination of FIG, 3 persons of ordinary skill in the art will appreciate 
that an improved optical polarizing beam combiner/splitter has been described. Because 
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the optical paths in optical polarizing beam combiner/splitter 10 are all substantially 
parallel to a single optical axis, it can be packaged in a small, compact coaxial package, 
thus allowing for a smaller footprint and providing an improved ease in fiber 
management. Furthermore, the combination of optical components utilized in the 
embodiment of FIG. 3 permits close spacing of the two parallel-axis component beams 
and avoids the use of longer walk-off distances that would otherwise be required to 
provide sufficient beam spacing to accommodate the physical sizes of the optical 
components. For example, by using the optical components of the present invention, the 
two parallel axis component beams may be spaced apart by as little as 0.125mm (125 
microns). In addition, the entire length of the splitter/combiner in the illustrative 
embodiment of FIG. 3 is less than about ISnun to about 20mjii. 

Persons of ordinary skill in the art will appreciate that the device of FIG. 3 has 
been described by following the optical path from left to right across the figure and 
performs the function of a beam splitter. Such skilled persons will appreciate that two 
oppositely polarized optical beams emerging from fibers 38 and 40 on the right and 
travelling in the direction from right to left across the drawing figure will be combined 
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and directed into fiber 14 at the left of FIG. 3 in accordance with the principles of the 
present invention, so long as optical fibers 38 and 40 are PM fibers. 

Referring now to FIG. 4, an optical block diagram of another embodiment of an 
optical polarized beam combiner/splitter 40 according to the present invention is shown. 

The embodiment of FIG. 4 has been described for an orientation wherein a 
coiacident beam having two components enters from optical fiber 42 at the left of the 
figure and is split into two component beams which emerge at the right side of the figure, 
but persons of ordinary skill in the art will appreciate that ttie analysis of two component 
beams entering the combiner/splitter from the right and being combined and directed into 
optical fiber 42 according to the present invention follows from the same optical 
principles described as responsible for beam splitting, so long as the optical fibers 
delivering the two component beams are polarization maintaining fibers. 

Optical fiber 42 is disposed in ferrule 44 as is known in the art and is end pohshed 
at an angle as is known in the art. Diverging composite optical beam 46 from the end of 
optical fiber 42 is coUimated by colliraating lens 48 and collimated composite optical 
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beam 50 enters birefringent walkoff crystal 52. A first optical beam component transits 
crystal 52 on beam path 54 and a second optical beam component transits crystal 52 on 
beam path 56 at a walkoff angle with respect to beam path 54. The length of birefringent 
crystal 52 is selected to provide a selected walkoff distance indicated by double-headed 
5 arrow 58 between the two component optical beams. In the illustrative embodiment of 
FIG. 4, the ferrule 44 may have a length of about 4mm, the collimating lens 48 may be 
spaced from ferrule 44 by about 0. 1mm, and may have a length in the optical path 

5 direction of about 5mm. The birefringent crystal 52 may have a length of about 1 0mm, 

^1 and may be spaced from collimating lens 48 by about 0.2mm. 

O 10 

O A Wollaston prism 60 is disposed in the paths of optical beams 54 and 56 to bend 

O the propagation directions of optical beams 54 and 56 so that they may be focussed by 
lens 62 such that they enter optical fibers 64 and 66, respectively, disposed in ferrule 68. 
As presently preferred, lens 62 comprises a GRIN lens, although a conventional lens may 
1 5 also be employed. In the illustrative embodiment of FIG. 4, the Wollaston prism 60 may 
have a length of about 4nun, and may be spaced from birefringent crystal 52 by about 
0.2mm. Lens 62 may have a length of about 5mm, and may be spaced from Wollaston 
prism 60 by about 0.2mm. Ferrule 68 may have a length of about 4mm, and may be 
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spaced from lens 62 by about 0.1mm. The entire length of the splitter/combiner in the 
illustrative embodiment of FIG. 4 is less than about 30mm to about 40mm. 

Referring now to FIG. 5, an optical block diagram of another embodiment of an 
optical polarized beam combiner/splitter 70 according to the present invention is shown. 

As with the other embodiments disclosed herein, the embodiment of FIG. 5 has 
been described for an orientation wherein a coincident beam having two components 
enters from optical fiber 72 at the left of the figure and is split into two component beams 
which emerge at the right side of the figure, but persons of ordinary skill in the art will 
appreciate that the analysis of two component beams entering the combiner/splitter from 
the right and being combined and directed into optical fiber 72 according to the present 
invention follows from the same optical principles described as responsible for beam 
splitting, so long as the optical fibers delivering the two component beams are 
polarization maintaining fibers. 

Optical fiber 72 is disposed in ferrule 74 as is known in the art and is end pohshed 
at an angle as is known in the art. Diverging composite optical beam 76 from the end of 
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optical fiber 72 is collimated by coIUmating lens 78. Ferrule 74 may have a length of 
about 4min, and may be spaced from collimating lens 78 by about 0.1mm. Collimated 
composite optical beam 80 enters first WoUaston prism 82. A first optical beam 
component transits prism 82 on beam path 84 and a second optical beam component 
5 transits crystal 82 on beam path 86. Beam paths 84 and 86 are substantially symmetrical 
about the optical axis of the first beam path 76 out of first fiber 72. First Wollaston prism 
82 may have a length of about 2mm, and may be spaced from collimating lens 78 by 
about 0.3mm. 

10 A second Wollaston prism 88 is disposed in the paths of optical beams 84 and 86 

to bend the propagation directions of optical beams 84 and 86 towards each other so that 
they may be focussed by lens 90 such that they enter optical fibers 92 and 94, 
respectively, disposed in ferrule 96. As presently preferred, lens 90 comprises a GRIN 
lens, although a conventional lens may also be employed. Second Wollaston prism 88 

15 may have a length of about 2mm, and may be spaced from fu:st Wollaston prism 82 by 
about 4mm. Lens 90 may have a length of about 5mm, and may be spaced from second 
Wollaston prism 88 by about 0.3mm. Ferrule 96 may have a length of about 4mm, and 
may be spaced from lens 90 by about 0.1mm. 
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Referring now to FIG. 6, an optical block diagram of another embodiment of an 
optical polarized beam combiner/splitter 100 according to the present invention is shown. 

As with the other embodiments disclosed herein, the embodiment of FIG. 6 has 
been described for an orientation wherein a coincident beam having two components 
enters from optical fiber 102 at the left of the figure and is split into two component 
beams which emerge at the right side of the figure, but persons of ordinary skill in the art 
will appreciate that the analysis of two component beams entering the combiner/splitter 
from the right and being combined and directed into optical fiber 102 according to the 
present invention follows from the same optical principles described as responsible for 
beam splitting, so long as the optical fibers delivering the two component beams are 
polarization maintaining fibers. 

Optical fiber 102 is disposed in ferrule 104 as is known in the art and is end 
polished at an angle as is known in the art. Diverging composite optical beam 106 from 
the end of optical fiber 102 is focussed by lens 108 into Wollaston prism 110, disposed 
along the optical axis 1 12 of optical beam 106. Ferrule 104 may have a length of about 
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4inm, and may be spaced from lens 108 by about 2mm. Lens 108 may be spaced from 
WoUaston prism 1 10 by about 2nmi. 

WoUaston prism 110 separates the cornposite optical beam 106 into component 
5 beams 114 and 116, which leave the WoUaston prism 1 10 at two different angles 

synmetrical about optical axis 112. Lens 118 focuses component optical beams 114 and 
116 such that they enter optical fibers 120 and 122, respectively, disposed symmetrically 
rj about optical axis 1 12 in ferrule 124. As presently preferred, lenses 108 and 1 1 8 
% comprise conventional lenses. WoUaston prism 110 may have a length of about 4nmi, 

01 

-^^10 and may be spaced from lens 1 18 by about 2mm. Lens 118 may be spaced from ferrule 
O 124 by about 2nrai. Ferrule 124 may have a length of about 4nmi. 

In the embodiment of FIG. 6, light coming out of the first fiber 102 is not 
collimated, but instead the two lenses are used as an imaging system to focus the light 
15 into WoUaston prism 110. One advantage of this embodiment is that only one WoUaston 
prism 1 10 is employed. This embodiment, however, requires the imaging lens to be 
aberation free, which is difficult to achieve for most conmnon lenses. 
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As will be appreciated by persons of ordinary skill in the art having the benefit of 
this disclosure, the present invention provides advantages over prior art 
splitter/combiners. First, the embodiments of the present invention employ fewer optical 
parts compared to the prior art arrangements. In addition, the spUtter/combiners of the 
5 present invention provide improved optical performance including benefits such as lower 
insertion loss and possibly higher optical polarization extinction ratio by using higher 
extinction ratio parts. Importantly, the present invention allows manufacture of splitter 
5 combiners having much smaller footprints than those of the prior art and permits use of 

H 'i 

% compact coaxial packaging to permit easier fiber management. Because the optical path 

10 is epoxy free, higher optical power handhng capabihty is enabled. 

O Persons of ordinary skill in the art will appreciate that, in embodiments where the 

optical axis of the input and output fibers are disposed at angles other than 0° and 90°, 
modified WoUaston prisms fabricated with their optical axes aligned with the optical axes 
15 of the input and output fibers will be employed. For example, in an embodiment where 
the two orthogonal optical axes are disposed at 45° and 135°, the Wollaston prism will 
have an optical axis disposed at an angle of 45°. This also appUes to the walkoff crystals 
in the other embodiments. 
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Such skilled persons will also appreciate that the disclosed embodiments of the 
optical polarized beam combiner/splitter according to the present invention are more 
compact than those of the prior art. For example, the optical path length of the 
embodiment of FIG. 3 may be about 1 8mm. The combined length of the elements in the 
optical path of the embodiment of FIG. 3 is less than about 32nmi. The entire packaged 
optical polarized beam combiner/splitter according to FIG. 3 of the present invention can 
fit in a package approximately 20mm long having a diameter of about 5.5mm. 

The optical path length of the embodiment of FIG. 4 may be about 33nmi. The 
combined length of the elements in the optical path of the embodiment of FIG. 4 is less 
than about 32nnLm. The entire packaged optical polarized beam combiner/splitter 
according to FIG. 4 of the present invention can fit in a package approximately 36mm 
long having a diameter of about 5.5mm. 

The optical path length of the embodiment of FIG. 5 may be about 27mm. The 
combined length of the elements in the optical path of the embodiment of FIG. 5 is less 
than about 26mm. The entire packaged optical polarized beam combiner/splitter 
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according to FIG. 5 of the present invention can fit in a package approximately 4mni by 
30mm having a diameter of about 5.5mm. 

The optical path length of the embodiment of FIG. 6 may be about 28mm. The 
5 combined length of the elements in the optical path of the embodiment of FIG. 6 is less 
than 20mm. The entire packaged optical polarized beam combiner/splitter according to 
FIG. 6 of the present invention can fit in a package approximately 30nrai long having a 
diameter of about 5.5mm. 

10 While embodiments and applications of this invention have been shown and 

described, it would be apparent to those skilled in the art having the benefit of this 
disclosure that many more modifications than mentioned above are possible without 
departing from the inventive concepts herein. The invention, therefore, is not to be 
restricted except in the spirit of the appended claims. 

15 
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What is claimed is; 

1 . An optical polarization beam splitter comprising: 

splitter/combiner optical elements aligned along a substantially straight-line 

optical path; 

5 a first input/output fiber terminating in a first ferrule aligned along a ftrst 

end of said optical path; 

second and third input/output fibers terminating in a second ferrule aligned 
along a second end of said optical path. 



10 2., An optical polarization beam splitter comprising: 

a first optical fiber having an end defining a first optical axis; 
a second optical fiber having an end defining a second optical axis; 
a third optical fiber having an end defining a third optical axis parallel to 
and spaced apart from said second optical axis; 
15 a coUimating lens disposed along said first optical axis positioned to form a 

collimated optical beam from said first optical fiber; 

a focussing lens disposed along a path of said collimated optical beam; 
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a birefringent walk-off crystal having a first face adjacent to said focussing 
lens and a second face located at a focal plane of said focussing lens and in contact with 
said ends of said second and third optical fibers, said crystal oriented such that and 
having a thickness between said first and second faces selected such that a first 
component of said optical beam having a first polarization exiting said crystal at said 
second face enters said end of said second optical fiber along said second optical axis and 
a second component of said optical beam having a second polarization orthogonal to the 
polarization of said first polarization exiting said crystal at said second face enters said 
end of said third optical fiber along said third optical axis. 

3. The optical polarization beam splitter of claim 2 wherein said second and 
third optical fibers are polarization maintaining fibers. 

4. The optical polarization beam splitter of claim 2 wherein said second 
optical axis and said third optical axis are spaced apart by a distance of less than 2nmi. 

5. The optical polarization beam sphtter of claim 2 disposed in a package 
having a length of less than about 50mm and a diameter of less than about 10mm. 
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6. The optical polarization beam splitter of claim 2 disposed in a package 
having a length of no more than about 20mm and a diameter of no more than about 
5.5mm. 

.0 

5 \) 7. An optical polarizing beam splitter comprising: 

a first optical fiber having an end defining a first optical axis; 

V 

a second optical fiber having an end defining a second optical axis; 

I 

I a third optical fiber having an end defining a third optical axis parallel to 

J and spaced apart from said second optical axis; 
D 10 a collimating lens disposed along said first optical axis positioned to form a 

colHmated optical beam from said first optical fiber; 

a birefringent walk-off crystal disposed in a path of said collimated optical 
beam, said crystal oriented such that and having a thickness between first and second 
faces thereof selected such that a first component of said optical beam having a first 
15 polarization transits said crystal along a first path and a second component of said optical 
beam having a second polarization orthogonal to that of said first polarization transits 
said crystal along a second path disposed at a walkoff angle with respect to said first path 
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and said first and second paths exit said second face of said crystal as substantially 
parallel first and second paths; 

a WoUaston prism disposed along said substantially parallel first and 
second paths and oriented such as to bend said substantially parallel first and second 
paths towards each other to form converging first and second paths; 

a focussing lens disposed along said converging first and second paths and 
positioned such that a first component optical beam travelling along said first converging 
path is directed into said end of said second optical fiber along said second optical axis 
and a second component optical beam travelling along said second converging path is 
directed into said end of said third optical fiber along said third optical axis. 

8. The optical polarization beam splitter of claim 7 wherein said second and 
third optical fibers are polarization maintaining fibers. 

9. The optical polarization beam splitter of claim 7 wherein said second 
optical axis and said third optical axis are spaced apart by a distance of less than 2mm. 
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10. The optical polarization beam splitter of claim 7 disposed in a package 
having a length of less than about 50mm and a diameter of less than about 10mm. 



1 1 . The optical polarization beam splitter of claim 7 disposed in a package 
5 having a length of about 36mm and a diameter of about 5 .5mm. 

^ 12, An optical polarizing beam splitter compnsmg: 

a first optical fiber having an end defining a first optical axis; 

a second optical fiber having an end defining a second optical axis; 
1 0 a third optical fiber having an end defining a third optical axis parallel to 

and spaced apart from said second optical axis; 

a collimating lens disposed along said fu-st optical axis positioned to form a 
coUimated optical beam from said first optical fiber; 

a first Wollaston prism disposed in a path of said coUimated optical beam 
15 and oriented such that a first component of said optical beam having a first polarization 
transits said prism along a first path disposed at a first angle with respect to said first 
optical axis and a second component of said optical beam having a second polarization 
orthogonal to that of said first polarization transits said prism along a second path 
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disposed at a second angle with respect to said first optical axis, said first and second 
angles being substantially symmetrical about said first optical axis; 

a second Wollaston prism disposed along said first and second paths and 
oriented such as to bend said first and second paths towards each other to form 
converging first and second paths; 

a focussing lens disposed along said converging first and second paths and 
positioned such that a first component optical beam travelling along said first converging 
path is directed into said end of said second optical fiber along said second optical axis 
and a second component optical beam traveUing along said second converging path is 
directed into said end of said third optical fiber along said third optical axis. 

13. The optical polarization beam spHtter of claim 12 wherein said second and 
third optical fibers are polarization maintaining fibers. 

14. The optical polarization beam splitter of claim 12 wherein said second 
optical axis and said third optical axis are spaced apart by a distance of less than about 
125 microns. 
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15. The optical polarization beam splitter of claim 12 disposed in a package 
having a length of less than about 50nmi and a diameter of less than about 10mm, 

16. The optical polarization beam splitter of claim 12 disposed in a package 
having a length of no larger than about 30mm and a diameter of no larger than about 
5.5mm. 

/sj^y^ An optical polarizing beam spUtter comprising: 

a first optical fiber having an end defining a first optical axis; 

a second optical fiber having an end defining a second optical axis; 

a third optical fiber having an end defining a third optical axis parallel to 
and spaced apart from said second optical axis, said second and third optical axes being 
symmetrical about said first optical axis; 

a first focussing lens disposed along said first optical axis; 

a WoUaston prism disposed at a location along said first optical axis where 
a focal point of said first focussing lens lies on an interface between two component 
pieces of said prism such that a first component of an optical beam from said first optical 
fiber having a first polarization is directed along a first path disposed at a first angle with 
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respect to said first optical axis and a second component of said optical beam having a 
second polarization orthogonal to that of said first polarization is directed along a second 
path disposed at a second angle with respect to said first optical axis, said first and second 
angles being substantially symmetrical about said first optical axis; 

a second focussing lens disposed along said first and second paths at a 
location selected to focus a first component optical beam into said end of said second 
optical fiber to focus a second component optical beam into said end of said third optical 
fiber. 

18. The optical polarization beam splitter of claim 17 wherein said second and 
third optical fibers are polarization maintaining fibers. 

19. The optical polarization beam spUtter of claim 17 wherein said second 
optical axis and said third optical axis are spaced apart by a distance of less than 2mm. 

20. The optical polarization beam spUtter of claim 17 disposed in a package 
having a length of less than about 50mm and a diameter of less than about 10mm. 
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21. The optical polarization beam splitter of claim 17 disposed in a package 
having a length of no larger than about 30nrai and a diameter of no larger than about 
5.5mm. 
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ABSTRACT OF THE DISCLOSIIRF 
An optical polarization beam splitter comprises a first optical fiber having an end 
defining a first optical axis, a second optical fiber having an end defining a second optical 
axis, and a third optical fiber having an end defining a third optical axis parallel to and 
spaced apart from the second optical axis. A coUimating lens is disposed along the first 
optical axis positioned to form a coUimated optical beam from the fu-st optical fiber. A 
focussing lens is disposed along a path of the collimated optical beam. A birefringent 
walk-off crystal has a first face adjacent to the focussing lens and a second face located at 
a focal plane of the focussing lens and in contact with the ends of the second and third 
optical fibers. The birefringent crystal is oriented such that and has a thickness between 
its first and second faces selected such that a first component of the optical beam having a 
first polarization exits the crystal at its second face and enters the end of the second 
optical fiber along the second optical axis and a second component of the optical beam 
having a second polarization orthogonal to the polarization of the first polarization exits 
the crystal at its second face and enters the end of the third optical fiber along the third 
optical axis. 
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DECLARATION 

As a below-named inventor, I hereby declare that; 

My correct residence, post office address and citizenship are stated below next to my name. 

I believe myself to be the original, first and sole inventor (if only one name is listed below) or an 
original and first joint inventor (if more than one name is listed below) of the subject matter which is 
disclosed and claimed and for which a patent is sought on the invention entitled: 



"OPTICAL POLARIZATION BEAM COMBINER/SPLITTER" 
The specification of this subject matter: 
X is attached hereto. 
□ was filed on, 1999; 

was assigned serial No.; 

which was amended on . 



I hereby state that I have reviewed and understand the contents of the above identified patent 
application, including the claims, as amended by any amendment(s) referred to above. I believe the 
subject matter claimed in the above-identified application to be new and to be unobvious to persons of 
ordinary skill in the art in view of the prior art of which 1 am aware. I further hereby state that the specification 
of the above identified patent application adequately describes how to make and use the claimed 
invention, and further that it sets forth the best mode for practicing the invention known to me as of the 
date that the application was filed. I acknowledge the duty to disclose information which is material to the 
examination of this application in accordance with 37 C.F.R. §1. 56(a). 

I hereby claim foreign priority benefits under 35 U.S.C. §1 19 of any foreign application(s) for 
patent or inventor's certificate listed below and have also identified below any foreign application for 
patent or inventor's certificate having a filing date before that of the application on which priority is claimed. 

Application No. Country Filing Date Priority Claimed 



I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in these prior 
United States application(s) in the manner provided by 35 U.S.C. §11 2 J acknowledge the duty to 
disclose material information as defined in 37 C.F.R. §1. 56(a) which occurred between the filing date of 
the prior appiication(s) and the national or PCT international filing date of this application. 

Application No. Filing Date Status (Issued, Pending, Abandoned) 
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If the rights held by the above identified small business concern are not exclusive, each individual, 
concern or organization having rights to the invention is listed below and no rights to the invention are 
held by any person, other than an inventor who qualifies as an individual inventor pursuant to 37 C.F.R. 
§1 .9(c), who could not qualify as a small business concern under 37 CFR 1 .9(d) or by any concern which 
would not qualify as a small business concern under 37 CFR 1 .9(d) or a nonprofit organization under 37 
CFR 1.9(e)/ 

*Note: Separate verified statements are required from each named person, concern or 

organization having rights to the invention averring to their status as small entities. (37 
CFR 1.27). 



FULL NAME: Yonglin Huang 

ADDRESS: 2463 Flickinger Road, San Jose, California 95131 

X Individual □ Small Business Concern □ Nonprofit Organization 

FULL NAME: Ping Xle 

ADDRESS: 1272 Chessington Drive, San Jose, California 95131 

X Individual □ Small Business Concern □ Nonprofit Organization 

FULL NAME: 
ADDRESS: 

□ Individual □ Small Business Concern □ Nonprofit Organization 



I acknowledge the duty to file, in this application or patent, notification of any change in status 
resulting in loss of entitlement to smalt entity status prior to paying, or at the time of paying, the earliest of 
the issue fee or any maintenance fee due after the date on which status as a small business entity is no 
longer appropriate. (37 CFR 1.28(b)). 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application, any patent issuing thereon, or any patent to 
which the verified statement is directed. 



New Focus, Inc. 
2630 Walsh Avenue 
Santa Clara, CA 95051 





Signature 



Date 



TmolhyDay 
Print Name 



Chief Technoloav Officer 



Title 
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POWER OF ATTORNEY 



New Focus Inc., a California corporation, assignee of the application for United States Letters 

Patent for an invention entitled: 
"OPTICAL POLARIZATION BEAM COMBINER/SPLITTER" 

invented by: 

Yonglin Huang and Ping Xie 

X executed on even date herev/ith, or 

□ having serial No. , filed , 

do(es) hereby appoint Kenneth D'Alessandro, Registration No. 29,144; Sean P. Lewis, 
Registration No. 42,798; Timothy Brisson, Registration No. 44,064; Michael Brandt, Registration 
No. 39,119; and Robert Hall, Registration No. 39,209, Jonathan Velasco, Registration No. 
42,700, Michael Kerr, Registration No. 42,722, as attorneys of record with full power of 
substitution and revocation, to prosecute this application and transact all business in the United 
States Patent and Trademark Office connected therewith, and certifies that it is the assignee of the 
entire right, title and interest in the patent application identified above by virtue of an assignment, a 
copy of which is attached, from the inventor(s) of the patent apphcation identified above. 

Please send all correspondence and direct all telephone calls to: 

Kenneth D' Alessandro 
Sierra Patent Group, Ltd. 
P.O. Box 6149 
Stateline, NV 89449 
Telephone (775) 586-9500 

The undersigned has reviewed all the documents in the chain of tide of the patent 
application identified above and, to the best of undersigned's knowledge and belief, title is in the 
assignee identified above. 

I, the undersigned, declare that I am the assignee of the above identified application, or, if 
the assignee is a corporation, partnership, or other association, I am authorized to make this 
appointment on behalf of the assignee and I ftirther declare that all statements made herein of my 
own knowledge are tme and that all statements made on information and belief are believed to be 
true and further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Secdon 1001 of Tide 
18 of the United States Code, and that such willful false statements may jeopardize the validity of 
the application or any patent issuing therefrom. 

Full Assignee Name New Focus, Inc. 

Post Office Address 2630 Walsh Avenue, Santa Clara, California 9505 1-0905 



Signature Q 



Date 



Timothy Day Chief Technology Officer 

Print Name Title 



